The assay was carried out to determine the effect of phytase supplementation on performance of broilers from 1 to 21 and 1 to 40 days of age. Twelve hundred and fifty male broilers (Ross) were distributed in a randomized experimental design, with five treatments, 10 repetitions and 25 birds per experimental unit. The treatments consisted of evaluating the phytase supplementation in diets with reductions in nutritional levels, compared with the positive control.
Introduction
Feedstuffs of plant origin are the main components of diets for broilers. However, they may present anti-nutritional factors, such as the phytic acid. The molecule of phytic acid contains approximately 28.2% phosphorus (P) (Kornegay, 2001 ) and has anti-nutritional property for making P unavailable to birds, in addition to complexing with other nutrients. Typically, it is considered that only 30% of the P of plants is actually available for the birds (NRC, 1994) . According to Rostagno (2005) , the bioavailability of the P in the corn is 33%, and, for the soybean meal, it is 32%.
Phytase is an enzyme that acts in the bonds of the phosphate group of phytate, releasing P and other minerals that are part of this molecule (Cromwell & Coffey, 1991) . This way, besides increasing P availability, the use of phytase also improves the availability of other minerals, such as magnesium, manganese and copper. Thus, its use in diets for broilers may provide positive responses on the digestibility of feeds and broiler performance, having a direct effect on productive efficiency.
As phytase acts making plant P available to animals, its utilization in the diets can also reduce the cost of supplementation with P. Besides, it can reduce the environmental impact caused by the poultry activities, for the available P, added to the excess of inorganic P in the diets, ends up eliminated in the excreta of birds.
Research has shown that the performance of broilers fed with different levels of inclusion of phytase and low levels of available P in the diets can improve with the addition of the enzyme (Dilger et al., 2004; Santos et al., 2005; Fukayama et al., 2008) . However, other researchers did not observe beneficial effect on broiler performance with the addition of phytase in the diets (Lima et al., 2002; Assuena et al., 2007) .
Therefore, the objective of this research was to evaluate the effect of supplementation of the phytase enzyme on the performance of broilers.
Material and Methods
Twelve hundred and fifty broiler chicks of the Ross strain, from one to 40 days of age with initial average weight of 43 grams were used. Birds were distributed in a completely randomized design, with three treatments and 10 repetitions of 25 birds per experimental unit. For formation of experimental units, chicks were weighed individually, and grouped by weight range so that all the plots presented similar average weight.
The management of drinkers, troughs, curtains and birds followed the recommendations of the strain manual, with water and diet supplied ad libitum throughout the experimental period. The program of continuous lighting (24 hours of natural light + artificial light) was adopted during all the period. Artificial heating of chicks was done through 250-W/box infrared lamp with adjustable height, set to provide the most comfort possible to birds.
Diets were formulated according to recommendations by Rostagno et al. (2005) . The phytase utilized was Fitase Quantum ® (Syngenta Animal Nutrition). For the formulation of diets, increase in the bioavailability of metabolizable energy, crude protein, digestible lysine, calcium and available phosphorus obtained with phytase supplementation was also considered (Table 1 ). This way, the contents of these nutrients were reduced progressively in the negative control groups 1 and 2, and the phytase levels of 250 and 500 uft/kg of diet were also added to the diet, respectively.
Diets were comprised of: positive control (diet formulated according to recommendations by Rostagno et al., 2005) ; negative control 1 (diet formulated with reduction in the nutritional levels, considering the increases in the bioavailability of the nutrients if there were supplementation of 250 uft); negative control (diet formulated with reduction of nutritional levels, considering the increases in the bioavailability of nutrients if there were supplementation of 50 uft); negative control + 350 uft; and negative control 2 + 500 uft (Tables 2 and 3 ). Two diets were formulated for the experimental period: pre-starter/ starter diet (1-21 days) and growing/finishing diet (21-40 days).
Birds and diets were weighed on the 21 st and 40 th days of age. In these periods, feed intake, weight gain and feed conversion ratio were evaluated. Mortality rate was also recorded for correction of performance data and for calculation of viability. From these data, the Productive Efficiency Index (PEI) was calculated. In order to do so, the following formula was utilized: PEI = (WG × V) / (SA × FC) × 100 where: WG = average weight gain of the plot, kg; V = viability, %; SA = age at slaughter, days; FC = feed conversion.
Statistial evaluations were done through analysis of variance with comparison of means by the StudentNewman-Keulls (SNK) test at 0.05 probability level, utilizing the software SAEG (Sistema para Análises Estatísticas, version 9.1).
Results and Discussion
In both experimental stages, diets with reduction in nutritional levels (negative controls 1 and 2) resulted in inferior values (P<0.05) for birds feed intake (Tables 4 and 5 ). However, with supplementation of phytase to the diets that had their nutritional levels reduced (negative control 1 + 250 uft and negative control 2 + 500 uft), birds feed intake was similar to that in positive control (P<0.05). In the stage from 1 to 21 days, the increasing feed intake of negative control 1 + 250 uft and of negative control 2 + 500 uft was 3.32 and 6.01%, when compared to birds of negative controls 1 and 2, respectively. In the stage from 1 to 40 days, the increase in feed intake was of 1.02 and 4.53% with regard to negative controls 1 and 2, respectively.
In diets with reduction in the nutritional levels, deficiency of P causes reduction in feed intake (Sebastian et al., 1996; Viveiros et al., 2002) . However, the addition of phytase in proper levels generates rupture of the P-phytic acid complex, releasing this mineral to be absorbed, avoiding the reducing effect of its deficiency on feed intake.
In both experimental periods, birds of negative control groups 1 and 2 presented weight gain smaller than those of the positive control (P<0.05). However, birds of negative control 1 + 250 uft and negative control 2 + 500 uft presented weight gain similar to those from the positive control (P<0.05). In the period from 1 to 21 days, the improvement in weight gain of birds of negative control 1 + 250 uft and negative control 2 + 500 uft was 6.43 and 10.92%, when compared to negative control groups 1 and 2, respectively. In the period Means followed by different letters on the same row differ (P<0.05) by the SNK test. CV -coefficient of variation; PEI -productive efficiency index.
from 1 to 40 days, the increase in weight gain was 2.76 and 8.05% in relation to negative control groups 1 and 2, respectively. Similarly, Santos et al. (2005) observed that feed intake and weight gain of broilers fed diets with nutritional levels reduced without addition of phytase were inferior than those from the positive control group. But, when diets were supplemented with phytase, birds presented feed intake and weight gain similar to those of the positive control. Conte (2003) observed that supplementation with phytase (800 to 1,200 U/kg) in diets with 0.18% Pd provided broiler chicks of 1 to 21 days of age with performance similar to those of birds which consumed the diet with normal level of such nutrient (0.45%). Lan et al. (2002) supplemented diets deficient in Pd (0.24% in the starter phase and 0.232% in the growth phase) with 0, 250, 500, 750 and 1,000 uft phytase/kg in the diet and observed that in the total period of the experiment, supplementation with 250 uft phytase/kg of the diet was enough for increasing birds weight gain in 14.8%. Thus, the utilization of phytase in diets of minimum cost can be an alternative for obtaining better profitability in broiler production.
It was observed that, for the period from 1 to 21 days, birds of negative control groups 1 and 2 also presented decrease in feed conversion, in relation to those from the positive control group (P<0.05). Comparing feed converstion of birds of both negative control 1 and negative control 1 + 250 uft, no statistical difference was observed (P>0.05). However, feed conversion of birds of negative control group 2 was significantly inferior (P<0.05) when compared with that of birds of negative control group 2 + 500 uft. Supplementation with phytase at 500 uft/kg in the diet of negative control group 2 provided improvement of 4.41% and same feed conversion in relation to birds of positive control group. For the whole rearing period, feed conversion of birds of negative control group 2 was statistically inferior (P<0.05) than those of positive control and negative control 2 + 500 uft. Dilger et al. (2004) and Lan et al. (2002) evaluated the performance of broilers fed diets containing different levels of the enzyme phytase and low levels of Pd and also observed that the addition of this enzyme provided better performance to birds, when compared with those which received diets without the inclusion of the enzyme. Fukayama et al. (2008) observed that the addition of phytase in all the levels utilized (500, 700 and 1,000 uft/kg of the diet) improved the performance of 1-to 20-day old broilers. Moreover, among the levels studied, that of 750 uft/kg of diet enabled maximum performance of birds, in addition to characteristics of bone mineralization and digestibility of nutrients.
Nevertheless, Lima et al. (2002) worked with broilers fed diets supplemented with two levels of the enzyme phytase and verified that there was no improvement in birds at the starter and growth phases. Assuena et al. (2007) also did not observe benefit from supplementation with phytase in diets for broilers.
According to Sebastian et al. (1996) , the improvement in the development of birds fed diets supplemented with phytase can be explained by four main factors: the release of the minerals present in the phytate-mineral complex; the utilization of inositol (final product of the dephosphorization of the phytic acid) by animals; increase in the digestibility of the starch and increase in protein availability. According to Ravindran et al. (2001) , it is also possible that there is indirect effect of supplementation with phytase on the energy available for the birds. This effect occurs by means of the improvement in the nutrient digestibility, hindering the reaction of saponification between the lipids and the minerals of the phytate-mineral complex.
The viability of birds for the period from 1 to 40 days of age was not statistically different between treatments. The average viability for the period was of 96%.
Following the trend of the performance parameters, the productive efficiency index was lower (P<0.05) for birds of negative control groups 1 and 2. However, when the diets with reduced nutritional levels were supplemented with 250 and 500 uft phytase, the productive efficiency index values were similar (P<0.05) to those of the positive control group.
Notwithstanding, Laurentiz et al. (2005) studied the supplementation with phytase in diets with different P levels on the performance of broilers and observed that reduction in the levels of Pd in the diet provided lower values of productive efficiency index when there was supplementation with phytase.
Conclusions
In the periods from 1 to 21 and from 1 to 40 days of age, reduction in the nutritional levels of the diets leads to lower weight gain and worse feed conversion of birds. Supplementation with 250 uft/kg and 500 uft/kg phytase in diets with reduction of nutritional levels improves bird performance, providing productive performance similar to that presented by birds fed diets with regular levels of nutrients.
